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FOREWORD

The work reported herein was sponsored by the National Aeronautics
and Space Administration (NASA), Marshall Space Flight Center (MSFC),
under System 921E, Project 9194,

The results of the tests presented were obtained by ARO, Inc. (a
subsidiary of Sverdrup & Parcel and Associates, Inc.), contract opera-
tor of the Arnold Engineering Development Center (AEDC), Air Force
Systems Command (AFSC), Arnold Air Force Station, Tennessee, under
Contract AF 40(600)-1200. Program direction was provided by NASA/
MSFC; engineering liaison was provided by North American Aviation,
Inc., Rocketdyne Division, manufacturer of the J-2 rocket engine, and
manufacturer of the S-IVB stage. The testing reported herein was con-
ducted on October 9 and 17, 1967, in Propulsion Engine Test Cell (J-4)
of the Large Rocket Facility (LRF) under ARO Project No. KA1801,
The manuscript was submitted for publication on November 22, 1967.

Information in this report is embargoed under the Department of
State International Traffic in Arms Regulations. This report may be
released to foreign governments by departments or agencies of the
U. S. Government subject to approval of NASA, Marshall Space Flight
Center (I-E-J), or higher authority. Private individuals or firms re-
quire a Department of State export license,

This technical report has been reviewed and is approved.

Harold Nelson, Jr. Leonard T. Glaser
Captain, USAF Colonel, USAF
AF Representative, LRF Director of Test

Directorate of Test
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ABSTRACT

Three firings of the Rocketdyne J-2 rocket engine S/N J-2047 were
conducted in Test Cell J-4 of the Large Rocket Facility. Four firings
were originally scheduled for each of the two test periods. However,
because of problems developing with the augmented spark igniter igni-
tion detect probe, only one firing for each test period was successfully
conducted, and a third firing attempt was aborted. The firings were
accomplished during test periods J4-1801-11 and -12 at pressure alti-
tudes ranging from 98, 000 to 104,000 ft at engine start. The objectives
of these tests were to (1) evaluate the effect of altitude environment on
engine operation by a comparison of Rocketdyne sea-level acceptance
test (624061) data with AEDC altitude test data and (2) evaluate engine
transient operation with conditions simulating an S-IVB/S-V two orbit
restart and compare results with engine J-2052 data for similar
conditions,

This document is subject to special export controls
and each transmittal to foreign governments or foreign
nationals may be made only with prior approval of
NASA, Marshall Space Flight Center (I-E-J), Hunts-
ville, Alabama.
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NOMENCLATURE

Area, in. 2
Augmented spark igniter

Engine start, designated as the time that helium control
and ignition phase solenoids are energized

Gas generator
Main oxidizer valve
Start tank discharge valve

Defined as the time at which the opening signal is applied
to the start tank discharge valve solenoid

Vibration safety counts, defined as engine vibration in
excess of 150 g rms in a 960- to 6000-Hz frequency
range

Force
Mass

Throat
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SECTION |
INTRODUCTION

Testing of the Rocketdyne J-2 rocket engine using an S-1VB battle-
ship stage has been in progress since July 1966 at AEDC in support of
the J-2 engine application on the Saturn IB and Saturn V launch vehicles
for the NASA Apollo Program. The engine installed at the beginning of
the program, S/N J-2052, was removed before test 11 and replaced
with engine S/N J-2047. The performance rating of both engines is
identical. Accumulated firing time on engine J-2052 at AEDC was 1402
sec, accomplished in 89 engine starts before replacement. The three
firings reported herein were conducted during test periods J4-1801-11
and -12 on October 9 and 17, 1967, in Propulsion Engine Test Cell (J-4)
(Figs. 1 and 2, Appendix I) of the Large Rocket Facility (LRF). Primary
test objectives were to (1) compare altitude test data at AEDC with
Rocketdyne sea-level acceptance test (test 624061) data for J-2047 and
(2) evaluate engine transient operation for conditions simulating an
S-IVB/S-V two orbit restart and compare results with engine J-2052 for
similar conditions. These firings were conducted at pressure altitudes
ranging from 98,000 to 104, 000 ft (geometric pressure altitude, Z,

Ref. 1).

Data collected to accomplish the test objectives are presented
herein. Copies of all data obtained during these tests have been pre-
viously supplied to the sponsor, and copies are on file at AEDC. The
results of the previous test period are reported in Ref. 2.

SECTION Il
APPARATUS

2.1 TEST ARTICLE

The test article was a J-2 rocket engine (Fig. 3) designed and devel-
oped by Rocketdyne Division of North American Aviation, Inc. The engine
uses liquid oxygen and liquid hydrogen as propellants and has a thrust
rating of 225, 000 lbf at an oxidizer-to-fuel mixture ratio of 5.5. An
S-IVB battleship stage was used to supply propellants to the engine. A
schematic of the battleship stage is presented in Fig. 4.

Listings of major engine components and engine orifices for this
test period are presented in Tables I and II, respectively (Appendix II).
All engine modifications and component replacements performed between
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tests 11 and 12 are presented in Tables IIl and IV, respectively. Thrust
chamber heater blankets were in place during this test period, although
they were not utilized. '

2.1.1 J-2 Rocket Engine

The J-2 rocket engine (Figs. 3 and 5, Ref. 3) features the follow-
ing major components:

1. Thrust Chamber - The tubular-walled, bell-shaped
thrust chamber consists of an 18. 6-in. -diam com-
bustion chamber (8.0 in. long from the injector mount-
ing to the throat inlet) with a characteristic length (L%)
of 24.6 in., a 170.4 in. 2 throat area, and a divergent
nozzle with an expansion ratio of 27. 1, Thrust chamber
length (from the injector flange to the nozzle exit) is
107 in, Cooling is accomplished by the circulation of
engine fuel flow downward from the fuel manifold through
180 tubes and then upward through 360 tubes to the injector.

2. Thrust Chamber Injector - The injector is a concentric-
orificed (concentric fuel orifices around the oxidizer post
orifices), porous-faced injector. Fuel and oxidizer in-
jector orifice areas are 25.0 and 16,0 in. 2, respectively.
The porous material, forming the injector face, allows
approximately 3.5 percent of total fuel flow to transpira-
tion cool the face of the injector.

3. Augmented Spark Igniter - The augmented spark igniter
unit is mounted on the thrust chamber injector and supplies
the initial energy source to ignite propellants in the main
combustion chamber. The augmented spark igniter cham-
ber is an integral part of the thrust chamber injector. Fuel
and oxidizer are ignited in the combustion area by two spark
plugs,

4, Fuel Turbopump - The turbopump is composed of a two-stage
turbine-stator assembly, an inducer, and a seven-stage axial-
flow pump. The pump is self lubricated and nominally pro-
duces, at rated conditions, a head rise of 35,517 ft (1225 psia)
of liquid hydrogen at a flow rate of 8414 gpm for a rotor speed
of 26, 702 rpm.

5. Oxidizer Turbopump - The turbopump is composed of a two-
stage turbine-stator assembly and a single-stage centrifugal
pump. The pump is self lubricated and nominally produces,
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at rated conditions, a head rise of 2117 ft (1081 psia) of
liguid oxygen at a flow rate of 2907 gpm for a rotor speed
of 8572 rpm.

Gas Generator - The gas generator consists of a combustion
chamber containing two spark plugs, a pneumatically oper-
ated control valve containing oxidizer and fuel poppets, and
an injector assembly. The oxidizer and fuel poppets pro-
vide a fuel lead to the gas generator combustion chamber,
The high energy gases produced by the gas generator are
directed to the fuel turbine and then to the oxidizer turbine
(through the turbine crossover duct), before being exhausted
into the thrust chamber at an area ratio (A/A¢) of approxi-
mately 11.

Propellant Utilization Valve - The motor-driven pf'opellant
utilization valve is mounted on the oxidizer turbopump and
bypasses liquid oxygen from the discharge to the inlet side
of the pump to vary engine mixture ratio.

Propellant Bleed Valves - The pneumatically operated fuel
and oxidizer bleed valves provide pressure relief for the
boiloff of propellants trapped between the battleship stage
prevalves and main propellant valves at engine shutdown,

Integral Hydrogen Start Tank and Helium Tank - The integral
tanks consist of a 7258-in. 3 sphere for hydrogen with a
1000-in. 3 sphere for helium located within it. Pressurized
gaseous hydrogen in the start tank provides the initial energy
source for spinning the propellant turbopumps during engine
start. The helium tank provides a helium pressure supply
to the engine pneumatic control system.

Oxidizer Turbine Bypass Valve - The pneumatically actuated
oxidizer turbine bypass valve provides control of the fuel
turbine exhaust gases directed to the oxidizer turbine in

order to control the oxidizer-to-fuel turbine spinup relation-
ship. The fuel turbine exhaust gases which bypass the oxidizer
turbine are discharged into the thrust chamber.

Main Oxidizer Valve - The main oxidizer valve is a pneumatic-
ally actuated, two-stage butterfly-type valve located in the
oxidizer high pressure duct between the turbopump and the
main injector. The first-stage actuator positions the main
oxidizer valve at the 14-deg position to obtain initial thrust
chamber ignition; the second-stage actuator ramps the main
oxidizer valve full open to accelerate the engine to main-

stage operation.
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12, Main Fuel Valve - The main fuel valve is a pneumatically
actuated butterfly-type valve located in the fuel high pres-
sure duct between the turbopump and the fuel manifold.

13. Pneumatic Control Package - The pneumatic control
package controls all pneumatically operated engine valves
and purges.

14, Electrical Control Assembly - The electrical control
assembly provides the electrical logic required for proper
sequencing of engine components during operation.

15. Primary and Auxiliary Flight Instrumentation Packages -
The instrumentation packages contain sensors required
to monitor critical engine parameters. The packages
provide environmental control for the sensors.

2.1.2 S-IVB Battleship Stage

The S-IVB battleship stage is approximately 22 ft in diameter and
49 ft long and has a maximum propellant capacity of 46, 000 1b of liquid
hydrogen and 199, 000 1b of liquid oxygen. The propellant tanks, fuel
above oxidizer, are separated by a common bulkhead. Propellant pre-
valves, in the low pressure ducts (external to the tanks), interfacing
the stage and the engine, retain propellant in the stage until being
admitted into the engine to the main propellant valves and serve as
emergency engine shutoff valves. Propellant recirculation pumps in
both fuel and oxidizer tanks are utilized to circulate propellants through
the low pressure ducts and turbopumps before engine start to stabilize
hardware temperatures near normal operating levels and to prevent
propellant temperature stratification. Vent and relief valve systems
are provided for both propellant tanks.

Pressurization of the fuel and oxidizer tanks was accomplished by
facility systems using hydrogen and helium, respectively, as the pres-
surizing gases. The engine-supplied gaseous hydrogen for fuel tank
pressurization during S-IVB flight was routed to the facility venting
System.

2.2 TEST CELL

Test Cell J-4, Fig. 2, is a vertically oriented test unit designed
for static testing of liquid-propellant rocket engines and propulsion
systems at pressure altitudes of 100, 000 ft. The basic cell construc-
tion provides a 1, 5-million-lbgs-thrust capacity. The cell consists of
four major components (1) test capsule, 48 ft in diameter and 82 ft
in height, situated at grade level and containing the test article;
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(2) spray chamber, 100 ft in diameter and 250 ft in depth, located directly
beneath the test capsule to provide exhaust gas cooling and dehumidifica-
tion; (3) coolant water, steam, nitrogen (gaseous and liquid), hydrogen
(gaseous and liquid), liquid oxygen and gaseous helium storage and
delivery systems for operation of the cell and test article; and (4) con-
trol building, containing test article controls, test cell controls, and
data acquisition equipment. Exhaust machinery is connected with the
spray chamber and maintains a low pressure before and after the engine
firing and exhausts the products of combustion from the engine firing.
Before a firing, the facility steam ejector, in series with the exhaust
machinery, provides a pressure altitude of 100, 000 ft in the test cap-
sule, A detailed description of the test cell is presented in Ref. 4.

The S-1VB battleship stage and the J-2 engine were oriented
vertically downward on the centerline of the diffuser-steam ejector
assembly. This assembly consisted of a diffuser duct (20 ft in diam-
eter by 150 ft in length), a centerbody steam ejector within the diffuser
duct, a diffuser insert (13.5 ft in diameter by 30 ft in length) at the inlet
to the diffuser duct, and a gaseous nitrogen annular ejector above the
diffuser insert. The diffuser insert was provided for dynamic pressure
recovery of the engine exhaust gases and to maintain engine ambient
pressure altitude (attained by the steam ejector) during the engine firing.
The annular ejector was provided to suppress steam recirculation into
the test capsule during steam ejector shutdown. The test cell was also
equipped with (1) a gaseous nitrogen purge system for continuously inert-
ing the normal air in-leakage of the cell; (2) a gaseous nitrogen repres-
surization system for raising test cell pressure, after engine cutoff,
to a level equal to spray chamber pressure and for rapid emergency
inerting of the capsule; and (3) a spray chamber liquid nitrogen supply
and distribution manifold for initially inerting the spray chamber and
exhaust ducting and for increasing the molecular weight of the hydrogen-
rich exhaust products.

An engine component conditioning system was provided for tempera-
ture conditioning engine components as required. The conditioning sys-
tem utilized a liquid hydrogen-helium heat exchanger to provide cold
helium gas for component conditioning. '

2,3 INSTRUMENTATION

Instrumentation systems were provided to measure engine, stage,
and facility parameters. The engine instrumentation was comprised of
(1) flight instrumentation for the measurement of-critical engine param-
eters and (2) facility instrumentation which was provided to verify the
flight instrumentation and to measure additional engine parameters.

The flight instrumentation was provided and calibrated by the engine
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manufacturer; facility instrumentation was initially calibrated and periodic-
ally recalibrated at AEDC. Appendix III contains a list of all measured
test parameters and the locations of selected sensing points.

Pressure measurements were made using strain-gage-type pres-
sure transducers. Temperature measurements were made using
resistance temperature transducers and thermocouples. Oxidizer and
fuel turbopump shaft speeds were sensed by magnetic pickup. Fuel and
oxidizer flow rates to the engine were measured by turbine-type flowmeters
which are an integral part of the engine. The propellant recirculation
flow rates were also monitored with turbine-type flowmeters. Engine
side loads were measured with dual-bridge, strain-gage-type load cells
which were laboratory calibrated before installation. Vibrations were
measured by accelerometers mounted on the oxidizer injector dome and
on the turbopumps. Primary engine and stage valves were instrumented
with linear potentiometers and limit switches.

The data acquisition systems were calibrated by (1) precision elec-
trical shunt resistance substitution for the pressure transducers, load
cells, and resistance temperature transducer units; (2) voltage substitu-
tion for the thermocouples; (3) frequency substitution for shaft speeds
and flowmeters; and (4) frequency-voltage substitution for accelerometers.

The types of data acquisition and recording systems used during this
test period were (1) a multiple-input digital data acquisition system
(MicroSADIC®), scanning each parameter at 40 samples per second and
recording on magnetic tape; (2) single-input, continuous-recording FM
systems recording on magnetic tape; (3) photographically recording
galvanometer oscillographs; (4) direct-inking, null-balance potentiometer-
type X-Y plotters and strip charts; and (5) optical data recorders., Appli-
cable systems were calibrated before each test (atmospheric and altitude
calibraj:ions). Television cameras, in conjunction with video tape record-
ers, were used to provide visual coverage during an engine firing, as
well as for replay capability for immediate examination of unexpected
events.

2.4 CONTROLS

Control of the J-2 engine, battleship stage, and test cell systems
during the terminal countdown was provided from the test cell control
room. A facility control logic network was provided to interconnect the
engine control system, major stage systems, the engine safety cutoff
system, the observer cutoff circuits, and the countdown sequencer. A
schematic of the engine start control logic is presented in Fig. 6. The
sequence of engine events for a normal start and shutdown is presented
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in Figs. 7a and b, Two control logics for sequencing the stage prevalves
and recirculation systems with engine start for simulating engine flight
start sequences are presented in Figs. Tc and d.

SECTION Il
PROCEDURE

Pre-operational procedures were begun several hours before the
test period. All consumable storage systems were replenished, and
engine inspections, leak checks, and drying procedures were conducted.
Propellant tank pressurants and engine pneumatic and purge gas samples
were taken to ensure that specification requirements were met, Chemi-
cal analysis of propellants was provided by the propellant suppliers.
Facility sequence, engine sequence, and engine abort checks were con-
ducted within a 24-hr time period before an engine firing to verify the
proper sequence of events, Facility and engine sequence checks con-
sisted of verifying the timing of valves and events to be within specified
limits; the abort checks consisted of electrically simulating engine mal-
functions to verify the occurrence of an automatic engine cutoff signal.
A final engine sequence check was conducted immediately preceding the
test period.

Oxidizer dome, gas generator oxidizer injector, and thrust cham-
ber jacket purges were initiated before evacuating the test cell. After
completion of instrumentation calibrations at atmospheric conditions,
the test cell was evacuated to approximately 0.5 psia with the exhaust
machinery, and instrumentation calibrations at altitude conditions were
conducted. Immediately before loading propellants on board the vehicle,
the cell and exhaust-ducting atmosphere was inerted. At this same time,
the cell nitrogen purge was initiated for the duration of the test period,
except for the engine firing. The vehicle propellant tanks were then
loaded, and the remainder of the terminal countdown was conducted.
Temperature conditioning of the various engine components was accom-
plished as required, using the facility-supplied engine component condi-
tioning system. Table V presents the engine purges and thermal condi-
tioning operations during the terminal countdown and immediately following
the engine firing,
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SECTION v
RESULTS AND DISCUSSION

4.1 TEST SUMMARY

A total of three firings of the J-2 rocket engine (S/N-2047) were
conducted on October 9 and 17, 1967, during test periods J4-1801-11
and -12 in support of S-IVB/S-V test objectives. These firings were
obtained at pressure altitudes ranging from 98, 000 to 104,000 ft at
engine start. The total firing duration for the two test periods was
60. 6 sec.

The primary objectives of tests 11 and 12 were to (1) obtain
transient and steady-state performance data for comparison with
Rocketdyne sea-level test 624061 and (2) evaluate engine transient oper-
ation for conditions simulating an S-IVB/S-V two orbit restart. Firing
11A did not satisfy test objectives since an orifice retainer ring, used
for sea-level testing, was inadvertently left in the oxidizer turbine by-
pass line. Failure of the augmented spark igniter ignition detect probe
during firings 11A and 12A also precluded successful completion of
test objectives. Ambient thrust chamber and crossover duct tempera-
ture conditions were specified for engine start on firings 11A and 12A;
the crossover duct was conditioned on firing 12B to simulate thermal
conditions expected for an S-IVB/S-V two orbit restart.

Specific test objectives and a brief summary of results for the
firings are presented in the following sections. Table VI presents con-
ditioning targets and the measured test conditions at engine start, The
oxidizer and fuel pump inlets, start tank, and helium tank conditions
at engine start are shown in Fig. 8.

Firing Test Objectives Results
11A Conduct a 30-sec firing A 30-sec firing was success-
of J-2 engine S/N fully completed. Major objec-
J-2047 to obtain data for tives were not attained because
comparison with sea- of the presence of the orifice
level acceptance test retainer ring in the oxidizer
data. turbine bypass line used for

sea-level testing, The aug-
mented spark igniter ignition
detect probe failed during this
firing, resulting in cancellation
of the remaining scheduled
firings.
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Firing Test Objectives Results
12A Repeat of firing 11A., A 30-sec firing was success-
The orifice retainer fully completed. Test objec-
ring in the oxidizer tives were satisfactorily met.

turbine bypass line was
removed before test 12,

12B Evaluate vehicle AS-501 This firing was prematurely
engine modifications for terminated at ty + 0.454 sec,
an S-IVB/S-V two orbit The ignition detect signal did

restart simulation util- not occur before expiration of
izing maximum start the ignition phase timer as
energy expected for the required by the engine logic.
two orbit condition. This was caused by an elec-

trical short circuit of the
ignition detect probe. None
of the test objectives were
met,

4.2 TEST RESULTS

4.2.1 Firing J4.1801-11A

Firing 11A was 30.07 sec in duration with a propellant utilization
valve excursion from null position to full closed at approximately
tg + 10 sec. The fuel lead duration was 7.97 sec. A pre-firing history
of the crossover duct and thrust chamber temperatures are shown in
Fig. 9.

Engine start and shutdown ‘transients of primary engine parameters
are shown in Fig. 10. Thrust chamber ignition occurred at tg + 0. 986
sec; engine vibrations were observed for 14 msec beginning at ty + 0. 980
sec. Combustion chamber pressure buildup to 550 psia occurred at
to + 1. 878 sec. The gas generator outlet temperature initial and second
peaks were 2070 and 2230°F, respectively. The main oxidizer valve,
second-stage, initial movement occurred at tg + 1. 27 sec with a second-
stage ramp time of 1, 847 sec. Considering the engine start conditions
for firing 11A, the gas generator outlet temperatures and the oxidizer
valve second-stage delay time were excessive. This was caused by a
high starting energy to the oxidizer turbine, caused by an orifice retain-
er ring (Fig. 11) in the oxidizer turbine bypass line., The retainer ring,
which was not removed after sea-level testing, reduced the cross-
sectional area of the bypass line by 48 percent. The oxidizer turbine
speed peaked at 3890 rpm during start tank discharge. Data presented
in Ref, 5 indicate that for thermal conditions similar to those obtained
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for firing 11A, the peak oxidizer turbine speed during start tank dis-
charge should be approximately 3300 rpm, or approximately 15 percent
less than actually measured with the orifice retainer ring installed.

The augmented spark igniter ignition detect event occurred 0. 265 sec
after the engine start command but failed to de-energize after shutdown,
The probe:was not shimmed as on some recent tests, which resulted
in maximum extension of the probe into the augmented spark igniter
chamber. This, coupled with the excessive combustion temperatures
resulting from a high energy supply to the oxidizer turbine, evidently
caused the probe to fail. The ignition detect voltage amplifier indicated
probe failure occurred at tg + 0. 982 sec. Three other firings scheduled
for this test period were cancelled because of the failure.

Combustion chamber pressure and engine ambient pressure for the
firing duration are shown in Fig. 12, Pressure altitude at engine start
was 101, 000 ft.

Start transient fuel pump head/flow data are compared with the
nominal stall inception curve (provided by the engine manufacturer) in
Fig. 13. The minimum stall margin, in the high-speed region, was
1050 gpm at approximately 22, 000 rpm.

A summary of selected engine valve operating times for start and
shutdown is presented in Table VII. Valve operations appeared normal.

Engine steady-state performance data are presented in Table VIII.
The data were computed using the Rocketdyne PAST 640 modification
zero performance program. Engine test measurements required by the
program and the program equations are presented in Appendix IV,

4.2.2 Firing J4-1801.12A

The programmed 30-sec firing, preceded by an 8-sec fuel lead,
was successfully accomplished with a propellant utilization valve excur-
sion from the null to the full-closed position at approximately tg + 11 sec.
A thermal history of the crossover duct and thrust chamber throat before
engine start is presented in Fig. 14.

Engine start and shutdown transients of primary engine parameters
are shown in Fig. 15. Second-stage movement of the main oxidizer valve
began at tg + 1. 046 sec with a valve travel time of 2.050 sec. Thrust
chamber ignition occurred at tg + 1.042 sec with 20 msec of engine
vibration (VSC). The gas generator outlet temperature peaked at 1425°F
with a second peak of 1540°F. Combustion chamber pressure buildup to

10
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950 psia occurred at tg + 1. 975 sec. Engine ambient pressure and com-
bustion chamber pressure during the firing are presented in Fig. 186.
Pressure altitude at engine start was 98, 000 ft,

Start transient fuel pump head/flow data are compared with the
nominal stall inception curve (Fig. 17)(provided by the engine manu-
facturer), which indicates a conservative stall margin was maintained
during the engine starting transient.

A summary of the engine valve operating times for both start and
shutdown is presented in Table VII. Valve operations were normal with
the exception of the oxidizer turbine bypass valve closing., The valve
traveled to approximately 80 percent closed in 245 msec, whereas the
travel time from 80 to 90 percent closed was 130 msec (normal travel
time from 80 percent closed to fully closed is approximately 70 msec).
However, the valve closing time was well within specified limits,

Augmented spark igniter ignition was detected 254 msec after
engine start. At tg+ 1.053 sec, the time corresponding approximately
to the expiration of 20 msec of engine vibration, the signal from the
augmented spark igniter ignition detect probe de-energized and remained
de-energized throughout the remainder of this firing. This anomaly was
observed before firing 12B. However, temporary loss of the ignition
detect event has been experienced during previous firings (Ref. 6).

Engine start transients for both AEDC altitude (J4-1801-12A) and

Rocketdyne sea-level (624061) firings are presented in Fig, 18. The
engine start conditions were similar, as shown in Table IX. Figure 18
reveals that the oxidizer pump peak speed was approximately 1200 rpm
higher during start tank discharge for the sea-level firing, with the ori-
fice in the oxidizer turbine bypass line, than for the altitude firing.
As a result, the oxidizer pump discharge pressure during start tank
discharge was approximately 165 psi higher for the sea-level firing.
Thrust chamber ignition was delayed approximately 110 msec for the
altitude firing.

The main oxidizer valve employed in the sea-level firing was replaced
before altitude testing., Figure 18 shows that for the altitude firing the
main oxidizer valve second-stage ramp time was longer than that of the
sea-level firing. This longer second-stage ramp time for the altitude
firing contributed to a higher gas generator power and a faster buildup to
steady-state operation. The gas generator outlet temperature at altitude
exceeded that at sea level by a maximum of 1100°F during the start
transient (Fig. 18d).

11



AEDC-TR+67-278

Figure 19 shows that a more conservative stall margin was main-
tained for the altitude firing. This stall margin difference is attributed
primarily to the main oxidizer valve second-stage ramp time,

Engine steady-state performance data from AEDC firing 12A and
Rocketdyne sea-level firing 624061 are presented in Table VIII. In

general, all performance parameters for the two firings agreed within
approximately +1 percent.

The difference in fuel turbine efficiency, fuel and oxidizer turbine
pressure ratios, and fuel and oxidizer turbine weight flows for firings
11A and 12A may have been caused by the orifice retainer ring left
installed during firing 11A,

4.2.3 Firing J4-1801-12B

The programmed 5-sec firing, preceded by an 8-sec fuel lead,
was terminated prematurely at tg + 0.454 sec. The augmented spark
igniter ignition detect event did not occur before expiration of the igni-
tion phase timer, as required by the engine logic, and resulted in engine
cutoff. Electrical checks revealed that the ignition detect probe was
electrically short circuited to ground.

Thermal conditioning of the crossover duct and a thermal history
of the thrust chamber throat before engine start are presented in
Fig. 20. Pressure altitude at engine start was 104, 000 ft. Chamber
pressure peaked at 20 psia, approximately tg + 0,73 sec. A summary
of pertinent engine valve operating times is presented in Table VII.

4.3 POST-TEST INSPECTION
Inspection of the augmented spark igniter chamber after tests 11 and

12 indicated no chamber erosion. The ignition detect probe failed during
tests 11 and 12 and was replaced after each test.

SECTION VY
SUMMARY OF RESULTS

The results of these three firings of the J-2 engine conducted on
October 9 and 17, 1967, in Test Cell J-4 are summarized as follows:
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Altitude test (firing 12A) data for J-2 engine S/N J-2047
from AEDC were compared with Rocketdyne sea-level
test (624061) data. The major differences observed were

a. thrust chamber ignition occurred 110 msec later
at altitude, and

b. the combustion chamber pressure attained 550 psia
approximately 330 msec sooner, and the stall margin
was more conservative at altitude (attributed to a longer
main oxidizer valve ramp time).

The gas generator outlet temperature first and second peaks
were 2070 and 2230°F for firing 11A with an orifice retainer
ring in the oxidizer turbine bypass line. Gas generator out-
let temperature initial and second peaks were 1425 and
1540°F for firing 12A with the retainer ring removed.

The minimum fuel pump stall margin was 1050 gpm, occur-
ring during firing 11A.

The augmented spark igniter ignition detect probe failed
during two firings (11A and 12A), No augmented spark
igniter chamber erosion was observed during post-test
inspection.

¢
In general, all performance parameters for altitude and sea-

level firings agreed within approximately +1 percent.
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AEDC-TR-67-278

Fig. 2 Test Cell J-4, Artist's Conception
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Time Index Lines, l-sec Intervsia
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Time Index Lines, l-sec Intervals
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TABLE |

MAJOR ENGINE COMPONENTS

Part Name P/N S/N
Thrust Chamber Body 206600-31 4072755
Thrust Chamber Injector Assembly 208021-11 4071421
Fuel Turbopump Assembly 459000-171 4078258
Oxidizer Turbopump Assembly 458175-T1 6616135
Start Tank - 303439 0038
Augmented Spark Igniter 206280-81 4078806
Gas Generator Fuel Injector and Combustor 308360-11 2008734
Gas Generator Oxidizer Injector and Poppet Assembly 303323 4076827
Helium Regulator Assembly 556048 4072709
Electrical Control Package 502670-11 4078604
Primary Flight Instrumentation Package 703685 4077391
Auxiliary Flight Instrumentation Package 703680 4077313
Main Fuel Valve 409120 4062472
Main Oxidizer Valve 411039X4 4045142
Gas Generator Control Valve 309040 4076768
Start Tank Discharge Valve 306875 4081218
Oxidizer Turbine Bypass Valve 409930 4079685
Propellant Utilization Valve 251351-11 4068732
Main-Stage Control Valve 555767 8284307
Ignition Phase Control Valve 555767 8284305
Helium Control Valve NA5-27273 340819
Start Tank Vent and Relief Valve 557818 4062234
Helium Tank Vent Valve NA5-27273 340918
Fuel Bleed Valve 309034 4077233
Oxidizer Bleed Valve 309029 4076750
Augmented Spark Igniter Oxidizer Valve 308880 4088946
P/A Shutdown Valve Assembly 557817 4067200
P/A Purge Control Valve 557823 4075865
Start Tank Fill/Refill Valve 558000 4072898
Fuel Flowmeter 251225 4076564
Oxidizer Flowmeter 251216 4077137
Fuel Injector Temperature Transducer NAb5-27441 12350
Restartable Ignition Detect Probe (Test 11) XERO-915389 211
Restartable Ignition Detect Probe (Test 12) NA5-27298T2 324
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TABLE Il

SUMMARY OF ENGINE ORIFICES

Orifice Part Diameter, in. Date Comments
Name Number (Except as Noted) Effective

Gas Generator Fuel RD251-4107 0. 468 ¥

Gas Generator Oxidizer RD251-4106 0. 268 *

Oxidizer Turbine Bypass Valve RD273-8002 1. 319 *

Main Oxidizer Valve 410437-082 8.27 scfm October 7, 1867 Thermostatic

per RFD71-67 Orifice
Oxidizer Turbine Exhaust RD251-9004 10. 000 *
Augmented Spark Igniter Oxidizer 406361-3 0.125 September 21, 1967

per ECP J2-575

*Installed before engine delivery to AEDC,

8LZ-£9-¥1-2Q3V
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TABLE Il

ENGINE MODIFICATIONS
(BETWEEN TESTS J4-1801-11 AND J4-1801-12)

[N

Modification

Completion
Date

Description of
Modification

RFD*-AEDC-35-2-67 October 10, 1967

Installed a 0.085-in. shim
under the augmented spark
igniter ignition detect probe.

October 10, 1967

Replaced the gas generator
outlet temperature probe,
P/N NA5-27342T4, S/N 5486,
with P/N NA5-27342T4,

S/N 572 required by normal
maintainence procedures that
specifies replacement each
time the probe indicates a
temperature in excess of
1800°F,

ECP J2-408

October 10, 1967

Removed oxidizer turbine
bypass line orifice retainer
ring.

*RFD - Rocketdyne Field Directive

TABLE IV

ENGINE COMPONENT REPLACEMENTS
(BETWEEN TESTS J4-1801-11 AND J4-1801-12)

Replacement

Completion
Date

Component
Replaced

UCR*-007310

October 10, 1967

Augmented Spark Igniter
Ignition Detect Probe

*UCR - Unsatisfactory Condition Report
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TABLE V
ENGINE PURGE AND COMPONENT COND’I:I'_]ONING SEQUENCE

Conditioning

-424 to -416°F

Time. min
t - 80 t-170 t =60 t - 50 t - 40 t - 30 t-20 t-10 t-0 t+ 10
Turbopump and Gas Helium; 82 - 125 psia | | I
Generator Purge 50 - 200°F i 2-min Minimum Following %
v'| (Purge Manifold (Nominal) 6 acfm /}9/9}///’ Recirculation :
Syatem) st Customer Connect le— Propellant Drop 1to 3 min —{ |a—
T
Oxidizer Dome and 1 nee IS;PPHE" ,?y“k
Gas Generator Liquid | Nitrogen; 400 £ 25 psig ERgiog Hes
Oxygen Injector 50 - 200°F %% durl.r;?:tnrt :"duj
(Engine Pneumatic (Minimum) 230 scfm Cuto ERERne
System) :
Oxidi Dom: N 40 I' - .
xidizer, e itrogen; 0 - 450 psig 77 7 7 Cutoff v
/| (Facility Line to 100 - 200°F m W//ﬁﬁ;}tfnf/ % 7
Port CO3A) (Nominal) 200 scfm
Oxidizer Turbopump Helium; 400 + 25 psig Main-Stage Operation
c 777777 Ty
Intermediate Seal Ambient 15 min/ (Supplied by Engine
Cavity (Engine Temperature 7 Helium Tank)
Pneumatic System) 2600 - 7000 scfm
. | Thrust Chsmber . S0k 2{00'? el 20 at Engine
o Tacket {Nominal) 60 scfm Cutoff
- (Customer Connect) T TR Z
P elium; - 14 psig |
anel 50 - 200°F / A
(Nominal) 10 scfm
Thrust Chamber Helium; 1000 psig
/v Temperature -300°F to Ambient %}5 min
Conditioning 10 - 20 lbpy /min
Pump Inlet Oxidizer; 35 to 48 psia
Pressure and -298 to -280°F
Temperature Fuel; 28 to 46 psia

Hydrogen Start Tsnk
and Helium Tank
Pressure and Tem-
perature Conditioning

Hydrogen; 1200 to 1400 paia
-300 to -140°F

Helium; 1700 to 3250 psis
-300 to -140°F

% 46 min
IS IISI IS,

Crossover Duct
Temperature
\Conditloning

Helium; -300°F
to Ambient

lCondiv.ioning temperature to be maintained for the last 30 min of pre-fire.

Iy Y
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SUMMARY OF TEST REQUIREMENTS AND RESULTS
11A 124 12B
Firing Number, J4-1601-
Target |  Actual Target | Actual Target |  Actual
Time of Day, hr/Firing Date 1344/October 11, 1967 0957/ October 17, 1867 1037/ October 17, 1967
" Pressure Altitude at Englne Start, ft {Ref. 1) 100, 000 101,000 100, 000 86, 000 100, 000 .-
Firing Duration, sec® 30,0 30. 071 30.0 30.076 5,0 0,454
Fuel Pump Inlet Conditions | Pressure, psia | 37.0%1.0 36.7 37.02 1.0 37.2 37.0£ 1.0 37.2
at Engine Start
Temperature, °F | -420,0 20,4 -419. 6 -420.0 £ 0. 4 -418,. 8 -421,1 20,4 -421.3
Oxidizer Pump Inlet Conditions| Pressure, psia 46.01 1.0 46.2 46,02 1.0 48.9 41,010 40.8
at Engine Start
Temperature, °F | -293.5 0.4 -294.3 -263.5 20,4 -263,7 -295.3 20,4 -264,5
Start Tank Conditions at Pressure, psia 1300 £ 10 1280 1300 £ 10 1289 1360 £ 10 1361
Bagiactitant Temperature, °F -175 1210 -178 -175 ¢ 10 -168 -225 £ 10 -220
Helium Tank Conditions Presgsure, psia --- 2222 --- 2387 X 2230
at Engine Start Temperature, °F A -160 N -1686 - -225
@ 61 83 13
Thrust Chamber Temperature Condi- pbace 20 -257 e 20 vH0ey 19
tions at Engine Start, tg, °F N i (G il 69 i 67
ors -257 -268 -262
TFTD-2 | Ambient® 42 Ambient® 54 e 368
Croesover Duct Temperature i, @ ) +15
at Engine Start, °F TFTD-3 Ambient 63 Ambient 7 125 0 139
TFTD-8 AmbientQ 52 .‘\m!:oient® 45 - 31
Main Oxidizer Valve Closing Con-
trol Line Temperature st Engine --- 38.5 = 60.8 .- 46.4
Stert, °F
Main Oxidizer Valve Second-Stage
Actustor Temperature at Engine --- -147.0 --- -86,7 --- -86.1
Start, °F
Fuel Lead Time, sec® 8 7. 989 8 -7,866 8 -7.966
Propellant in Engine Time, min 60 254 60 67 -—- .-
Propellant Recirculation Time, min 10 10 10 14 10 11,5
Start Sequence Logic Normal Normal Normal Normat Normal Normal
TOBS-1 .- 38.4 --- 4.4 .- 26.9
Gas Generator Oxidizer Supply . E A i 9
Line Temperature at Engine TOBS-2 = chd Ay i 16.0
Start, °F TOBS-3 L e e 34.4 o) 5.6
Start Tank Dischargs Valve dpsn&nﬂ
Control Temperature at Engine --- -25 --- 10 .- -27
Start, "F
--- 14 .- 20 - -
Vibration Safety Count Duration {msec)
and Occurrence Time (sec} from t, L 0.960 . 1. 040 ES —=
Gas Generator Outlet Initial Peak --- 2070 - 1426 -—- Lo
Temperature, °F
Second Peak .e- 2230 .-- 1536 .-- -
Thrust Chamber Ignition Time, LA . -
aec (Ref. tg) (PC-3 = 100 psia)® 0. 988 1. 042 - =
Main Oxidizer Valve Second-Stage Initial
Movement, sec (Ref. tq) 1 Sochd] " Lo6 B i
Main-Stage Pressure No. 2, sac (Ref. tof® oo 1.607 5 1.713 -ee doo
550-psia Chamber Pressure Attained, sec * _ p— ¢
(Ref. tg) 7 1,878 1,875 b I
Propellant Utilization Valve Position Null Null Null Null Open Open
at Engine Start; Engine Start/
tg + 10 sec Cloaed Closed Closed| Closed - .-

Notes: Opata reduced from oscillogram,
Crossover duct temperature must be above 32°F for 15 min before engine start.
Gll'hrult chamber throat temperature is from TSC2-18 on firing 11A and from TTC-1P on firings 12A and 12B.
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TABLE VII
ENGINE VALVE TIMINGS

Start

Main Fuel Valve

Main Oxlidizer Vaive

Main Oxidizer Vaive

Gas Generstor

Gss Generator

Oxldizer Turbine

Firing Start Tank Discharge Vsive First Stage Second Stage Fuel Poppet Oxidizer Poppet Bypass Valve
Number
J4-1801- | Time |vaive| Valve | Time [Vaive| Valve | Time |Valve| valve | Time |vaive | Vaive | Time [Vaive [ Valve | Time |Valve| Valve | Time [Vsive | Valve | Time [Valve{ Valve
of Deiay | Opening of elay | Closing of Delay |Opening of Delay |Opening of Delay [Opening of Delsy |Opening of Delay |Opening] of [Deisy { Closing
Opening |Time, | Timc, | Closing| Time,| Time, |Opening |Time,| Time, |Opening |Time, | Time, |Opening |Time,| Time, |Opening |Time,| Time, JOpening |Time,| Time, | Closing [Time, Time,
Signal | sec sec Signal | scc scc Signai sec aec Signal sec sec Signai sec sec Signal sec aec Signal | sec sec Signal | sec aec
1A 0 0,154 | 0. 144 0.447 [ 0.102]| 0.259 [ -7.86Y J0.058]0.072 0.447 |0.057| 0.063 0,447 |0.822| 1.847 0.447 10.109| 0.028 0.447 (0.181] 0.079 | 0.447 [0.225] 0. 307
12A 0 0.150{ 0.146 0.454 {0.085| 0.250 J -7.966 [0.054 | 0.065 0.454 |0.053| 0,057 0.454 |0.592} 2.050 0.454 10.107| 0.026 0.454 10.176 | 0.072 4 0.454 |0,.217| 0.386
12B 0 0.160] 0.157 - --- | --- J-7.866 j0.049{0.068 —e- —-- --- --- .- - mee | e --- - --- -e-
Final Sequence, :
Test 11 (1} 0.097| 0.108 0.449 10.091| 0.248 §-1.018 [0.047] 0.065 0.448 |0.044 | 0.058 0.44y 10.502| 1.692 0.449 |0.072} 0.042 0.44¢ lo.138] 0.063 | 0.448 |o0.200] 0.311
[Final Sequerce,
Te:“lz 0 0.099| 0.110 0.450 [ 0.092| 0.247 | -1.014 10.045{ 0.070 0.450 |0.047| 0,052 0.450 {0,590 1,680 0.450 {0.090] 0,031 0.450 |0.i45| 0.063 | 0.450 [0.205] 0.277
Shutdown
§ o Gas Generator Gaa Generstor Oxidizer Turbine
e e Main Fuel Valve Malin Oxidizer Valve Fuel Poppet Oxidizer Poppet Bypass Valve
N b 4
J4-1801- | Time |Valve | Valve { Time |Valve| Valve | Time [Valve| Vaive | Time |Valve | Vsive ]| Time |Vaive | Vaive
of Delay | Clnxing of Delay | Cioaing of Delay | Closing of Delay [Closing of Delay [Opening
Closing | Time, | Time, { Cloaing | Time,| Time, | Closing |Time,| Time, | Closing [Time,} Time, |Opening [Time,| Time,
Signal | sec aec Signal | aec sec Slgnsi sec sec Signal acc sec Signal sec sec
11A 30.071{0.142 } 0,373 30.071 [0.101 | 0.187 ] 30.071 {0.058| 0.025 30.07i [0.030} 0.0156 § 30.071 [0.269 | 0.541
12A 30.076 |0.125 | 0.318 30.076 [0.081 | 0. 181 30.076 {0.051( 0.074 30.076 | 0,030{ 0.0i2 § 30.076 |0.284 | 0.458
128 0.454 |0.09i { 0.281 --- .- .- .e- .- -—-- --- .ee .- .-- .- .-
lFlnAl
=50 0.081 | 0.241 ceo 0.066 | 0.134 ood 0.0811 0,051 S22 0.054} 0.021 EEE] 0.224| 0.708
Test 11
F )
inalSequence) -—- |o.os2| 0.238 | --- lo.072| 0.130 | --- [o.079] 0.026 | --- |o.055| 0.020 | --- Jo.z34| o.687
Notea: All valve signal times are referenced to tg.

Valve delay time is the time requlred for initisi valve movement after the valve "open” or “closed"” sole¢nold haa been encrgized,

1
2.
3. Final seq
4

check ls

. Data reduced from oaclllogram,

d without propellsnts and within i2 hr before teating.

842-£9-41-0Q3V
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TABLE VIl

ENGINE PERFORMANCE SUMMARY

11A 12A 624061
T T Site Normalized Site Normalized Normalized, Averaged
from 59 to 60 sec
Thrust, lbf 228, 708 227,716 229,626 228, 296 226, 825
ovats Cl"lamber Pr.e'ssure, psia 767.8 761. 8 770.7 763.5 759, 2
Engine Mixture .Ratlo 5.555 5.520 5.608 5.564 5.559
Pt Be srasic Fuel Weight Flow, lby,/sec 81.4 8] 80.98 80. 66 81.4
Oxidizer Weight Flow, lbm/sec 452, 3 447.9 454. 14 448. 80 452, 2
Total Weight Flow, lbpy,/sec 533.7 529.0 535.12 529, 46 533.5
Thrust Mixture Ratio 5.753 5.720 5. 807 5,764 5. 760
Chamber Total Weight Flow, lbm/sec 527.1 522. 4 528.54 522. 88 526.8
Performance Characteristic Velocity, ft/sec 7974. 1 7983.0 7982, 1 7993. 2 7890
Pump Efficiency, percent 74.9 74.9 75.0 75.0 72.4
Pump Speed, rpm 26,871 26,551 26,856 26, 504 27,009
Fuel
Turbopump Turbine Efficiency, percent 61.4 61.2 62.0 61.7 62.1
Performance Turbine Pressure Ratio 7.10 7.09 7.01 7.01 7.10
Turbine Inlet Temperature, °F 1258. 3 1228. 3 1262.3 1228.9 1251
Turbine Weight Flow, lbm/sec 6.64 6.64 6.58 6.57 6.74
Pump Efficiency, percent 80. 2 80.1 80. 2 80.2 80.1
Pump Speed, rpm 8626 8567 8620 8562 8641
Oxidizer
Turbopump Turbine Efficiency, percent 48.9 48.8 49,0 49,0 48. 3
Performance Turbine Pressure Ratio 2. 60 2.60 2.62 2.63 2. 60
Turbine Inlet Temperature, °F 819.6 798. 2 822.5 798. 7 818
Turbine Weight Flow, lbm/sec 5.98 5.98 5.93 5.92 6.08
Gas . A
Conehator Mixture Ratio 0.974 0,956 0.977 0,957 0.970
Perf Chamber Pressure, psia 648.0 644. 8 642.8 638.9 657. 3
erformance
Note: Site data are calculated from test data.

Normalized data are corrected to standard pump inlet and engine ambient pressure conditions.

e

2

3. Input data are test data averaged from 29 to 30 sec except as noted.
4

Site and normalized data were computed using the Rocketdyne PAST 640 modification zero computer program.

842-£9-¥1-D0Q3V
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TABLE IX
SUMMARY OF ENGINE START CONDITIONS FOR AEDC ALTITUDE

FIRING J4-1801-12A AND SEA-LEVEL ACCEPTANCE TEST 624061

Parameter 624061 KA1801-12A

Fuel Pump Inlet Con- Pressure, psia 36.6 37.0
ditions at Engine Start Temperature, °F -419. 7 -419.8
Oxidizer Pump Inlet Pressure, psia 46. 3 46. 8
Conditions at Engine

Start Temperature, °F -293.5 -293.17
Start Tank Conditions Pressure; peis 1299 1299

at Engine Start Temperature, °F ~175 ~166

-Thrust Chamber
Temperature Conditions +75/+45 +83/+29
at Engine Start/tg, °F

Fuel Turbine Inlet

Temperature at Engine +30 +13
Start, °F
Fuel Lead Time, sec 8 8

Propellant Utilization
Valve Position at Null Nuill
Engine Start

53
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APPENDIX 1l
INSTRUMENTATION

The instrumentation for AEDC tests J4-1801-11 and J4-1801-12 is
tabulated in Table III-1. The location of selected major engine instru-
mentation is shown in Fig, III-1.

o4
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TABLE 1lI-1
INSTRUMENTATION LIST

AEDC Tap Micro- Magnetic Oscillo- Strip X-Y
Code Parameter No. Range SADIC Tape graph Chart Plotter
Current amp
I1CC Control 0 to 30 x x
11cC Ignition 0 to 30 x x
Event
EECL Engine Cutoff Lockin On/Oft x x
EECO Engine Cutoff Signal On/Off x x x
EES Engine Start Command On/Off x x
EFBVC Fuel Bleed Valve Closed Limit Open/Closed x
EFJT Fuel Injector Temperature On/ Off x x
EFPYC/O Fuel Prevalve Closed/Open Limit Closed/Open x
EHCS Helium Control Solenoid On/ Oft x x
EID Ignition Detected On/Off x x
EIPCS Ignition Phase Control Solenoid On/Off x x
EMCS Main-Stage Control Solenoid On/Off x x
EMP-1 Main-Stage Pressure No, 1 On/Off x x
EMP-2 Main-Stage Pressure No. 2 On/Off x x
EOBVC Oxidizer Bleed Valve Closed Limit Open/Closed x
EOPVC Oxidizer Prevalve Closed Limit Closed x x
EOPVO Oxidizer Prevalve Open Limit Open x x
ESTDCS Start Tank Discharge Control Solenoid On/Off x x x
Sparks
RASIS-1 Augmented Spark Igniter Spark No. 1 On/off x
RASIS-2 Augmented Spark Igniter Spark No. 2 On/Oft x
RGGS-1 Gas Generator Spark No. 1 On/Off x
RGGS-2 Gas Generator Spark No, 2 On/Off x
Flows gom
QF-1A Fuel PFF 0 to 9000 x x
QF-2 Fuel PFFA 0 to 9000 x X
QF-2SD Fuel Flow Stall Approach Monitor 0 to 9000 x x
QFRP Fuel Recirculation 0 to 160 x
QO-1A Oxidizer POF 0 to 3000 x x
QO0-2 Oxidizer POFA 0 to 3000 x 53 x
QORP Oxddizer Recirculation 0 to 50 x x
Forces lﬂ
FSP-1 Side Load (Pitch) 420, 000 x x
FSY-1 Side Load (Yaw) 420, 000 x x
Heat Flux watts
Sr. cm
RTCEP Radiation Thrust Chamber Exhaust
Plume Oto7 x
Position Percent Open
LFVT Main Fuel Valve 0to 100 X x
LGGVT Gas Generator Valve 0 to 100 x x
LOTBVT Oxidizer Turbine Bypass Valve 0 to 100 x x
LOVT Main Oxidizer Valve 0 to 100 x x x
LPUTOP Propellant Utilization Valve 0 to 100 x x x
LSTDVT Start Tank Discharge Valve 0 to 100 x x
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AEDC
Code

PAl

PA2

PA3
PC-1P
PC-3
PCGG-1P
PCGG-2
PFASLY

PFJ-1A
PFJ-2
PFJGG-1A
PFJGG-2
PFMI
PFOI-1A
PFPC-1A
PFPD-1P
PFPD-2
PFPI-1
PFPI-2
PFPI-3
PFPS-1P
PFRPO
PFRPR
PFST-1P
PFST-2
PFUT
PFV1

PFVL

PHECMO
PHEOP
PHES
PHET-1P
PHET-2
PHRO-1A
POBSC
POBV

POJ-1A
POJ-2
POJGG-1A
POJGG-2
POPBC-1A
POPD-1P
POPD-2
POPI-1
POPI-2
POPI-3
POPSC-1A

TABLE IlI1-1 (Continued)

Parameter
Pressure
Test Cell
Test Cell
Test Cell

Thrust Chamber

Thrust Chamber

Gas Generator Chamber Pressure
Gas Geneérator Chamber

Augmented Spark Igniter Fuel
Injection

Main Fuel Injection

Main Fuel Injection

Gas Generator Fuel Injection
Gas Generator Fuel Injection
Fuel Jacket Inlet Manifold

Fuel Tapoff Orifice Outlet

Fuel Pump Balance Piston Cavity
Fuel Pump Discharge

Fuel Pump Discharge

Fuel Pump Inlet

Fuel Pump Inlet

Fuel Pump Inlet

Fuel Pump Interstage

Fuel Recirculation Pump Outlet
Fuel Recirculation Pump Return
Fuel Start Tank

Fuel Start Tank

Fuel Tank Ullage

Fuel Tank Repressurization
Line Nozzle Throat

Fuel Tank Repressurization
Line Nozzle Inlet

Pneumatic Control Module Qutlet

Oxidizer Recirculation Pump Purge

Helium Supply

Helium Tank

Helium Tank

Helium Regulator Outlet
Oxidizer Bootstrap Conditioning

Gas Gener ator Oxidizer Bleed
Valve

Main Oxidizer Injection

Main Oxidizer Injection

Gas Generator Oxidizer Injection
Gas Generator Oxddizer Injection
Oxidizer Pump Bearing Coolant
Oxddizer Pump Discharge
Oxidizer Pump Discharge
Oxddizer Pump Inlet

Oxidizer Pump Inlet

Oxidizer Pump Inlet

Oxidizer Pump Primary Seal
Cavity

Tap
No.

CcGl
CGlA

GGlA

CF2
CF2A
GF4
GF4
CF1
HF2
PF5
PF3
PF2

PF6

TF1
TF1

NN1
NN2

GO2
co3
CO3A
GO5
GOs

Range

Micro-
SADIC

Magnetic
Tape

Oscillo-
graph

Strip X-Y
Chart Plotter

peia
0t00.5

0to 1.0
0t05.0
0 to 1000
0 to 1000
0 to 1000
0 to 1000

0 to 1000
0 to 1000
0 to 1000
0 to 1000
0 to 1000
0 to 2000
0 to 1000
0 to 1000
0 to 1500
0 to 1500
0 to 100
0 to 200
Q to 200
0 to 200
0 to 60

0 to 50

0 to 1500
0 to 1500
0 to 100

0 to 1000

0 to 1000
0 to 750
0 to 150
0 to 5000
0 to 3500
0 to 3500
0 to 750
0 to 50

0 to 2000
0 to 1000
0 to 1000
0 to 1000
0 to 1000
0 to 500
0 to 1500
0 to 1500
0 to 100
0 to 200
0 to 100

0 to 50

o6

® X X X X X X

® oK X

® oM X X XK X X X

K oKX X MK X X

»®

® oMK XK X X X K B OX X X X X X M
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TABLE lil-1 (Continved)

AEDC Tap Micro- Magnetic Oscillo- Strip X-Y
_Code Parameter No. Range SADIC Tape graph Chart Plotter
Pressure psia

PORPO Oxidizer Recirculation Pump Outlet 0 to 115 x
PORPR Oxidizer Recirculation Pump Return 0 to 100 x
POTI- 1A Oxidizer Turbine Inlet TG3 0 to 200 x
POTO-1A Oxidizer Turbine Outlet TG4 0 to 100 x
POUT Oxidizer Tank Ullage 0 to 100 x
POvVCC Main Oxidizer Valve Closing

Control 0 to 500 X X
POVI Oxidizer Tank Repressurization

Line Nozzle Inlet 0 to 1000 x
POVL Oxidizer Tank Repressurization

Line Nozzle Throat 0 to 1000 x
PPUVI-1A  Propellant Utilization Valve Inlet PO8 0 to 1000 x
PPUVO-1A Propellant Utilization Valve Outlet PO9 0 to 500 x
PTCFJP Thrust Chamber Fuel Jacket Purge 0 to 100 x
PTCP Thrust Chamber Purge 0tol5 x
PTPP Turbopump and Gas Generator Purge 0 to 250 X

Speeds rpm
NFP-1P Fuel Pump PFV 0 to 30, 000 x x x <«
NFRP Fuel Recirculation Pump 0 to 15, 000 x
NOP-1P Oxidizer Pump POV 0 to 12,000 X X x
NORP Oxidizer Recirculation Pump 0 to 15,000 x
Temperatures e+,

TAl Test Cell {North) -50 to +800 x
TA2 Test Cell (Eaat) -50 to +800 x
TA3 Test Cell {South) -50 to +800 x
TA4 Test Cell {West) -50 to 4800 x
TAIP-1A Audiiary Instrument Package -300 to +200 x
TBPM Bypass Manifold =325 to +200 x
TBSC Oxidizer Bootstrap Conditioning -350 to +150 x
TECP-1P  Electrical Controls Package NST1A -300 to +200 x x
TFASLY Augmented Spark Igniter Fuel

Injection IFT1 -425 to +100 x X
TFASIL-1  Augmented Spark Igniter Line -300 to +200 x x
TFASIL-2 Augmented Spark Igniter Line =300 to +300 x x
TFBV-1A Fuel Bleed Valve GFTI1 -425 to -375 x
TFD-1 Fire Detection 0 to 1000 x x
TFJ-1P Main Fuel Injection CFT2 -425 to 4250 x
TFPD-1P Fuel Pump Discharge PFT1 -425 to -400 x
TFPD-2 Fuel Pump Discharge PFT1 -425 to -400 x
TFPDD Fuel Pump Discharge Duct -320 to 4300 x
TFPI-1 Fuel Pump Inlet -425 to -400 x 53
TFPI-2 Fuel Pump Inlet -425 to -400 x x
TFRPO Fuel Recirculation Pump Outlet -425 to -410 x ¥
TFRPR Fuel Recirculation Pump Return

Line -425 to -250 x
TFRT-1 Fuel Tank -425 to -410 x
TFRT-2 Fuel Tank -425 to -410
TFST-1P Fuel Start Tank TFT1 -350 to +100 x
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AEDC
Code

TFST-2
TFTD-1
TFTD-2
TFTD-3
TFTD-3R
TFTD-4
TFTD-5
TFTD-6
TFTD-7
TFTD-8
TFTI-1P
TFTO
TGGO-1A
THET-1P
TNODP
TOBS-1
TOBS-2
TOBS-2A
TOBS-2B
TOBS-3
TOBS-4
TOBV-1A
TOPB-1A
TOPD-1P
TOPD-2
TOPI-1
TOPI-2
TORPO

TORPR

TORT-1
TORT-3
TOTI-1P
TOTO-1P
TOVL

TPCC
TPIP-1P
TSC2-1
TSC2-2
TSC2-3
TSC2-4
TSC2-5

Parameter

Temperatures
Fuel Start Tank
Fuel Trubine Discharge Duct
Fuel Turbine Discharge Duct
Fuel Turbine Discharge Duct
Fuel Turbine Discharge Line
Fuel Turbine Discharge Duct
Fuel Turbine Discharge Duct
Fuel Turbine Discharge Duct
Fuel Turbine Discharge Duct
Fuel Turbine Discharge Duct
Fuel Turbine Inlet
Fuel Turbine Outlet
Gas Generator Outlet
Helium Tank
LOg Dome Purge
Oxidize r Bootstrap Line
Oxidizer Bootstrap Line
Oxidizer Bootstrap Line
Oxidizer Bootstrap Line
Oxidizer Bootstrap Line
Oxidizer Bootstrap Line
Oxidizer Bleed Valve
Oxidizer Pump Bearing Coolant
Oxidizer Pump Discharge
Oxidizer Pump Discharge
Oxidizer Pump Inlet
Oxidizer Pump Inlet

Oxidizer Recirculation Pump
Outlet

Oxidizer Recirculation Pump

Return

Oxidizer Tank

Oxidizer Tank

Oxidizer Turbine Inlet
Oxidizer Turbine Outlet

Oxidizer Tank Repressurization
Line Nozzle Throat

Pre-Chill Controller
Primary Instrument Package
Thrust Chamber Skin
Thrust Chamber Skin
Thrust Chamber Skin
Thrust Chamber Skin
Thrust Chamber Skin

TABLE Ill-1 (Continved)

Tap
No.

TFT1

TFT1
TFT2
GGT1
NNT1

GOT2
POT4
POT3
POT3

TGT3
TGT4

°F

-350 to +100
-200 to +800
-200 to +1000
-200 to +1000
-200 to +900
-200 to +1000
-200 to +1400
-200 to +1400
-200 to +1400
-200 to +1400
0 to 1800

0 to 1800

0 to 1800
-350 to +100
0 to -300
-300 to +250
-300 to +250
-300 to +250
-300 to +250
-300 to +250
-300 to +250
-300 to -250
-300 to -250
-300 to -250
-300 to -250
-310 to -270
-310 to -270

-300 to -250

-300 to -140
-300 to -287
-300 to -287
0 to 1200
0 to 1000

-300 to +100
-425 to -300
-300 to +200
-300 to +500
-300 to +500
-300 to +500
-300 to +500
-300 to +500
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Micro- Magnetic Oscillo- Strip X-Y
SADIC Tape graph Chart Plotter
x x

x

x x
x x
x

x

x

x

x

x x
x x
x

x x x

x x
x

x

x

x

x

x

x

x

x

x x x x
x

x x
x X
x

x

x

x

x x
x

x

x

x
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AEDC
Code

TSC2-6
TSC2-7
TSC2-8
TSC2-9
TSC2-11
TSC2-12
TSC2-13
TSC2-14
TSC2-15
TSC2-16
TSC2-17
TSC2-18
TSC2-19
TSC2-20
TSC2-21
TSC2-22
TSC2-23
TSC2-24
TSOVAL-1

TSOVC-1
TSTC
TSTDVOC

TTC-1P
TTCEP-1
TXOC

UFPR
UOPR
UTCD-1
UTCD-2
UTCD-3
ulvsc
U2vsC

VCB

VIB
VIDA
VPUTEP

AEDC-TR-67-278

TABLE Ill-1 (Concluded)
Tap Micro- Magnetic Oscillo- Strip X-Y
Parameter No. Range SADIC Tape graph Chart Plotter
Temperatures 2K
Thrust Chamber Skin 300 to +500 x
Thrust Chamber Skin -300 to +500 x
Thrust Chamber Skin 300 to +500 x
Thrust Chamber Skin -300 to +500 X
Thrust Chamber Skin -300 to +500 x
Thrust Chamber Skin =300 to +500 x
Thrust Chamber Skin -300 to +500 x x
Thrust Chamber Skin -300 to +500 x
Thrust Chamber Skin -300 to 4500 x
Thrust Chamber Skin -300 to +500 x
Thrust Chamber Skin -300 to 4500 x
Thrust Chamber Skin -300 to +500 x
Thrust Chamber Skin -300 to +500 x
Thrust Chamber Skin -300 to +500 x
Thrust Chamber Skin -300 to +500 x
Thrust Chamber Skin -300 to +500 x
Thrust Chamber Skin -300 to +500 x
Thrust Chamber Skin ~300 to +500 x
Oxidizer Valve Closing Control
Line =200 to +100 x
Oxidizer Valve Actuator Cap -325 to +150 x
Start Tank Conditioning -350 to +150 x
Start Tank Discharge Valve Open-
ing Control Port -350 to +100 x
Thrust Chamber Jacket (Control) Cs1 -425 to +500 x
Thrust Chamber Exit -425 to +500 x
Crossover Duct Conditioning -325 to +200 x
Vibrations eg's
Fuel Pump Radial 90° +200 x
Oxidizer Pump Radial 80° +200 x
Thrust Chamber Dome +500 x x
Thrust Chamber Dome +500 x x
Thrust Chamber Dome 1500 x x
No. 1 Vibration Safety Counts On/Off x
No. 2 Vibration Safety Counts On/ Off x
Voltage volts
Control Bus 0 to 36 x x
Ignition Bus 0to36 x x
Ignition Detect Amplifier 9to 16 x x
Propellant Utilfzation Valve
Excitation 0tos x

29
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a. Engine Pressure Tap Locations

Fig. ll1-1 Instrumentation Locations

842°£9-¥1-0d3V



19

—

HEAT EXCHANGER

b. Engine Temperature, Flow, and Speed Instrumentation Locations

Fig. 1.1 Continved
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c. Main Oxidizer Valve
Fig. lll-1 Continued
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TSTDVOC

TSTDVCC <

Four-Way Valve

d. Start Tank Discharge Yalve
Fig. l1l-1 Continued
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Fig. l1I-1 Continued
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APPENDIX 1V '
METHODS OF CALCULATIONS (PERFORMANCE PROGRAM)

TABLE 1v-1
PERFORMANCE PROGRAM DATA INPUTS
I§$ Parameter
1 Thrust Chamber (Injector Face) Pressure, psia
2 Thrust Chamber Fuel and Oxidizer Injection Pressures,
psia
3 Thrust Chamber Fuel Injection Temperature, °F
4 Fuel and Oxidizer Flowmeter Speeds, Hz
5 Fuel and Oxidizer Engine Inlet Pressures, psia
6 Fuel and Oxidizer Pump Discharge Pressures, psia
i Fuel and Oxidizer Engine Inlet Temperatures, °F
8 Fuel and Oxidizer (Main Valves) Temperatures, °F
9 Propellant Utilization Valve Center Tap Voltage, volts
10 Propellant Utilization Valve Position, volts
191 Fuel and Oxidizer Pump Speeds, rpm
12 Gas Generator Chamber Pressure, psia
13 Gas Generator (Bootstrap Line at Bleed Valve)
Temperature, °F
14 Fuel* and Oxidizer Turbine Inlet Pressure, psia
15 Oxidizer Turbine Discharge Pressure, psia
16 Fuel and Oxidizer Turbine Inlet Temperature, °F
17 Oxidizer Turbine Discharge Temperature, °F

*At AEDC, fuel turbine inlet pressure is calculated from

gas generator chamber pressure.
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SUBSCRIPTS

A
AA

NOMENCLATURE

Area, in.2
Horsepower, hp

Characteristic velocity, ft/sec

Specific heat at constant pressure, Btu/lb/°F

Diameter, in.
Head, ft

Enthalpy, Btu/lb,,
Molecular weight
Speed, rpm
Pressure, psia
Flow rate, gpm
Resistance, sec2/ft3-in.2

Mixture ratio

Temperature, °F

Theoretical characteristic velocity, ft/sec
Weight flow, lb/sec

Pressure drop, psi

Ratio

Ratio of specific heats

Efficiency

Degrees

Density, 1b/ft3

Ambient
Ambient at thrust chamber exit

Bypass nozzle
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BIR
BNI

CF
CcO
Ccv

EF
EM
EO
EV

em

FIT

FM
FY

-

GF
GO
H1
H1R
H2R
IF
10
ITF
ITO

NB

Bypass nozzle inlet (Rankine)
Bypass nozzle inlet (total)
Thrust chamber

Thrust chamber, fuel
Thrust chamber, oxidizer
Thrust chamber, vacuum
Engine

Engine fuel

Engine measured

Engine oxidizer

Engine, vacuum

Exit

Exit measured

Thrust

Fuel turbine inlet

Fuel measured

Thrust, vacuum

Fuel

Gas generator

Gas generator fuel

Gas generator oxidizer

Hot gas duct No. 1

Hot gas duct No. 1 {Rankine)
Hot gas duct No. 2 {(Rankine)
Inlet fuel

Inlet oxidizer

Isentropic turbine fuel
Isentropic turbine oxidizer
Nozzle

Bypass nozzle (throat)
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NV

ocC
OF
OFIS
OM
(010
PF
PO
PUVO
RNC
SC
SCV
SE
SEV

TEF
TEFS
TF
TIF
TIFM
TIFS
TIO

-~

XF
X0

Nozzle, vacuum

Oxidizer

Oxidizer pump calculated
Outlet fuel pump

Outlet fuel pump isentropic
Oxidizer measured

Oxidizer outlet

Pump fuel

Pump oxidizer

Propellant utilization valve oxidizer
Ratio bypass nozzle, critical
Specific, thrust chamber
Specific thrust chamber, vacuum
Specific, engine

Specific, engine vacuum
Total

Turbine oxidizer

Turbine exit fuel

Turbine exit fuel (static)

Fuel turbine

Turbine inlet fuel (total)
Turbine inlet, fuel, measured
Turbine inlet fuel isentropic
Turbine inlet oxidizer

Throat

Vacuum

Valve

Fuel tank repressurant

Oxidizer tank repressurant
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PERFORMANCE PROGRAM EQUATIONS

MIXTURE RATIO

Engine

Weo = Wou - Wxo
Werp = Wrm - WxF

Wg = Wgo + WgF

Thrust Chamber
W
c = “_'(i%

Wco = WoM - Wxo - Wgo
Wcr = WrMm — WXF - WGF
¥xo0 = 0.8 Ib/sec

Wxr = 1.8 lb/sec

Weo = Wp - WorF

W
WGF = T+ G
Wr o PriF Atip Kg
TC*1IF
K, = 32.174

Wc = Wego + WeF

CHARACTERISTIC YELOCITY

Thrust Chamber

C* = K7 l:’c Al
[
K; = 32174
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DEVELOPED PUMP HEAD

Flows are normalized by using the following inlet pressures, tem-
peratures, and densities.

P10 = 39 psia
PiF = 30 psia
Pio = 70.79 Ib/f
PIF = 440 1b/i

Tio = =295.212°F
TiF = -422.547°F

Oxidizer
Poo _ Pio
Hp = K, (=22 - 2
° ‘ (Poo Plo)
K, = 144
p = National Bureau of Standards Values f (P,T)
Fuel

Hf = 778.16 AhOFIS
Ahoris = hoFis - hiF
horis = f(P,T)

hir = {(P,T)

PUMP EFFICIENCIES

Fuel, Isentropic

_ horis - hiIF
M = Thor - biF
hor = f(Por, Tor)

Oxidizer, Isentropic

70 = Noc Yo
2
Qpro Qro

7oc = Kso (No) + Kso <_N0)+ Kso
Ko = 5.0526

Kso = 3.8611

Kﬁo = 0.0733

Yo = 1.000

71



AEDC-TR-67-278

TURBINES

Oxidizer, Efficiency

_ Bro
TTo Bito
%ro Ho
= Ke —mm————
BTo 5 Mo
Ks = 0.001818

Wpo = Wom + Wpyvo

z PO
Wepuvo =J———PU‘|’1° o
v

Zpyvo = A + B (Poo)
A = -1597
B = 2.3828
IFPgo > 1010 Set Poo = 1010

fpuvo
InR = A, + B, (@puvo) + C{fpyvo)® + D, (e)

fpevo fpuvo|?
7 7
+ E; (@prvo) (e) + Fy |(e)

A, = 5.5659 x 10~!
B, = 1.4997 x 1072
C, = 7.9413 x 1076
D, = 1.2343

E; = -7.2554 x 10°2
F, = 5.0691 x 1072
fpyvo = 16,5239

Fuel, Efficiency

MTF = FB,%—
Bitr = Kyo Ahf Wp

Ahsy = hTiF = hTEF

Brr = Bpr = Ks (“—"5’—'"—‘)
wpr = Wrm

Ko = 1.4148

Ks = 0.001818

72



AEDC-TR.67-278

Oxidizer, Developed Horsepower

Bto

Kse

]

Bro + Ksé

¥po Ho
Kg o

-15

Fuel, Developed Horsepower

Btr
BpFr

%¥pF

I}

Bpr
Wpr H;
Ks
K
WrM

Fuel, Weight Flow

Wrr

Wt

Oxidizer Weight Flow

WTto - WT -~ Wp

¥

PrNcC
BNB
YHg» Mu2
ANB

KIS
Trir
Pl

Prirs

Prer

Kg

2 % YHo-1
2K7 Ha Vi YH2 ANB PpnN:

—— (PrNg) 1 - (Prxc) —_—
YH2-1 (RE2TgR) %

f (BNB, Y3

DnB
Dp

f(THoR, Rg)

K;3 Dyg
0.7854
Ttio + 460

PTEFS

Iteration of PTEF
YH2

2
Prirs |1 + Kg ¥r TH2R YH2-1 YHz2—1
o Prirs D‘TEF My YHo

38.8983
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GAS GENERATOR

Mixture Ratio

r¢ = D, (Tu1)® + C, (Ty)? + B, (Tyy) + A,

, = 0.2575

B, = 5.586 x 1074

C, = -5.332 x 107

D, = L1312 x 107!}

TH1 = TTIFM

Flows

TC*rir = D, (ThY)® + C, (Tup)® + B, (THD + A,

A, = 4.4226 x 10®
= 3.2267

= -1.3790 x 1073
= 2.6212 x 1077

o Ow
0N
|

YH1
Yu,—~ 1| YH1-1

Prir = Prirs [1 + Ko{——T ] TH1R
= 8
Prirs Dérir My,

K, = 38.8983

Note: Prir is determined by iteration.
THiR = TTIF

MH1, YH1, Cp, ri1 = f (I'HIR, rG)
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